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(54) B^CTROKARIUyCJ«rHEtER 

(57) An electrode array catheter, typically useci tor 
msi^g. pat;^ and^^ a^ eiclMd^ an electrode 
a^eerriiy 2. 6Z wh^chi ^ bj^ elidaNy inownteci Mhin a 
defivery sheath for rnowment betweeri re^rac^^^ a^ 
de^^loyed positi<M^. The efec^ode aM^eniM Includes an 
ablation electrode iO, 9C and a pltiralfty of mapping 
electrodes 26, 114 which are grouped in pairs and nat- 
urally assume a ihree-dirnensional array when 
deplf^ed The ^ectrpdes are distritxited to cpnfact a 
portion of the qharrdber wait 1 30 surrounding the targeit 
sHa The etectrqde assembly lip has a cotted cpnlca) 
shape 24 in one embod^ent and has a nurnl)^ of &ya* 
ally axtendirig. radialiy oo^»ardly arm^ 118 in 
another embodiment. A flat fJextoie dro^ 110. having 
axially extending eiectrode traces 112 connecting pfOx- 
imal termirials 108 to distal etectrode pads 114, hs slit 
1 16 axially arKi is perfixfned and to create ittie curved 
arms. 
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Description 

The present inver^oh relsttes^^ 
catheters, and nrrore sp^cHfeaBy^ to 
steeratjie alectrc^hysiotagy catheters tor use m map- 
ping aid ablation erf the heart. 

The heart ir^eludes a hurnber of pathways which are 
hBS^ionsyaie tor the propagation 01 
normal elecsheal ^nd mechanica) functbn. The preserit 
iimnibn Is concern with treatniient <3f t^^h^rdia, 
aboorrr^iiy rapid rhytfihis of the heart caused by the 
pf^ence of an arrhythn^ogenic site or accesispry path- 
way which bypasses or short circuits the nomnaJ path- 
ways in the heart. Tachycardias may be defined as 
ventricular tachycardias (VTs) and supraventriputer 
ta^r^^sardias {SVTs), VTs origii^ in the left or right 
ver^cie and are typlcany caused arrtiythmogenic 
sHie« assQdkted wKh a pntk nr^pcaitiiaririfi^ SVTs 
crlgifKate in the atria arid are typicsUiy caused by an 
accessory pathway; 

Treatment Q< both ventricular arid supraventrlcuiar 
tachycardias may be accomplished a wartety of 
^rpaches. including drugs, surgery, implantabte 
pae^ernakers/ defibrillators, and cathet^ abla^n. VUhlle 
drugs rnay be the treatment of choice for many pattefits^ 
diiigs typl^ly only mai$}cth$^i^^ 
the underlying cau^ tnn^iantabie d«yice^ 
harKi. usually can correct an arrhythmia only after it 
occurs. Surgical ar^l catheter^sased treatrTien[t$, in con- 
trasts w*IJ actually Cure tre problem usually by ablating 
the abnorrr^al arrhythinogenic tissue or accessory path- 
wa|y responsabfe Ibr tti^ tachycardia. The catheter^ 
&«t$#d tr«Natmeii^ rely on the eppt^ia^bh of varbus 
destru<^ energy spurced to t»i^ tafget tis;sMe. indud^ 
ing direct current eleetrica] mM^^ radiofrequency elec- 
trical energy^ laser eneitiy;and^t^^ 

Of particular interest tc ^e preseht inventiori, are 
radiofrequency (RF) able^=;n protocc^s which have 
proven to t^e highly effecti^'^ in tachycarcfia treatment 
while exposing the patient 10 minimurii side effects and 
risk^^ Ratdjoiirequency c^eter abla^tion is generally per- 
formed after ein iriitial mapping procjedure where the 
locations of the arrhylhrnogefHc sites and accessory 
pathways are determined. After mappirig. a catheter 
having a suitable electnjde is introduced to the appro^ 
priate heart charnber and rnanipulated so that the eiecr 
irode lies proxifhate the target tissue . Radibfreciuency 
energy is then applied through tiie electrode to the car- 
diac tissue to ^ste a region of the tissue which iorrm 
pert of the or the aa^ejs^ry path* 

way B^y successfuty deelrqying that liissue, #ie abnor- 
rnai sigrialing pattern& wponslUe to 
canoQt Mas^ialned. Method 

InQ RF ablation t^ corttrolting temperature at the abla- 
tion site aredescrit>ed irt VVO^/2077p entitled "Method 
and System Ipr BadiQfre^ pf Cardiac Ti^^ 

sue''. 

Catheters deigned for mapping arKi abiatibh fre^ 



quentfy indude a number of individual etectrbde bands 
mourtted to the distal tip ofi the catheter so ^ to tadiitate 
mapping of a wider area )ri less lsmo\ or i& irnpme 
access to target sites for ablation. 

$ As described in that appfica^oh. it d 1ir0qu0htty desira- 
ble to detlect the disW jfip p* th(& ca^ ¥( non-Kn- 
ear coii^^uraitloiri such as si semicircle, which faGiiitates 
access to subsiants^ly alt of the heart walls to be 
mapped or abSated. Such deflection may be aodom^ 

JO pitshed through the use of pull wires secured to the dis- 
tal tip vi^tchc^n^^^ from the proximal end of 
- the catheter tb deflect the tip In the desirad configura^ 
iion. In addition, mapping and ablation catheters 
fecilitate rotational poshioning of the dis^ tip, e g W 

fs rotating the entire catheter from the proximal end. or by 
exertir^ torque on a core wire secured to the distal tip 
without rotating the catheter body itseH, 

Catheters utifizad in radbfrequency ablation are 
Inserted into a mi^iqr v#n pr ^rter^ usually ih the he<ak 

2a or groin area, arid gwded ihto th the heart 

by appropriate manipulatibri through the vein or artery, 
Such catheteris must facilitate rnanipul^^ of the distal 
tip so that the distal electrode can be positioned against 
the tssue region to be ablated The catheter must have 

is a great cteal of tlej^Bity to ipllow the pathway ot the 
miot bk)pd v^els ir^ the heart, and the catheter 
rrsust perrrtt user nrmnipulatipr* of M tip^^^ when the 
catheter ^ in a curved and Iwisted cpnfiguratipn^ 
Because of the high degree of precision required for 

30 prefer pcsitioninig of the tip electrode, the catheter must^ 
afkw manipulation with a high d^ree of sensitivtty and 
COrttroHabiirty: In addition, tie cfistai portion of the cathe- 
ter must be sufficiently relent in order to be portioned 
against the wall oithe h^rt aiid mairi^ii^ a po$ir 

S5 tion itluniig ablation ^piit b^ng diep^oed tky the 
nidw6nf>ent:crf th^ Aioog with steetaihifit>^ 

f iexibi% and resiitency^the cathater nuist lwe a stiffs 
dent degree of torsional stiff nesatoperrnlt user rnanft>- 
ulatjon from the proofimal end 

40 One of the proWenfts withcurrent technology relates 
to quickly mapping a large surfece area of the heaft 
Finding the Wget site using cpnventipna! catheters With 
linear elacirpde oriei^or^ is a tedtous aclki^^ requtr- 
Ing multiple catheter placeinBits. BaVQQh^ o^^ 

45 mawng catheters, providing liwee <Srneh$iqnaJ airmys 
of endocardial mapping electrodes, have been devel^ 
oped- However, these girrar»gements are typically 
designed to engage virtually the eritire chamber wall, as 
opposed to a part £^ region of the chamber wall. Such 

so ifull-chamber type nfiapping catheters la<^ the al>ility to 
dNreet an ablatipn electrode to a target site, so they are 
used to rnapf^ pray Also, by virtue of their design, 
which \& intended to oow vi^ual^^ t^ chan^ 
vt^H. these full-channtber type rnappihg catheters wl| 

55 necessarily lack the ^itty to fipncenttate the mapping 
electrodes at the region of the target site- Thus, while 
intbr mation may be obtainable ffom the enti^^^^ 
wall niuch of 
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target site, ^so^ because these device fill an entire 
Heart chanrjbei; they may partially <XPCiude blood flow or 
cause Gosgiiiation o1 Uood. that is, create Wpod clots 

US 5.18t,Si 1 discloses an apparatus Idr antita^ 
caniia pacing uafHS a viilMa! "Hiree or more s 

electrodes ai^ oxirie^ to the source of antitachycar^ 
dia pacing therapy based on the ralatltfe dtetiriK^ 
deterrr^rted arid in such a minnar as to create a yirtu^ 
electrode at tl^ fCKju^ srt^ delivery of the tierapy 
to the heart. Differeht etectfode asseiYfely coRfi^ ?o 
tionsdisciosed> 

W0SS/151^ dbdoses a b^^^ 
eter *»r arfhythrrtog^^^ m&ii& abiaSiQfi. Th^ distal tath- 
0ter fip can be rngwed in any direct in amanner 5lk^ 
that the distal tip Is £^pable of accessing ahy point oh is 
the wall of the chamber entered. 

EP 0 470 435 discloses a multiple electrode depa<^* 
sfele le^d The lead ^tal end defines a piurality of sepa- 
rate, curvilinear electrodes which naturally eKtend 
laterally outwardly in a caived arranfiiement from the so 
remand0r<>fti^lead. 

Aocorcfing 1K> one aspect Of flue inv®ntk)ft there is 
protfidsd a eteieralble eledtcN^e q^theter, f^^ 
lion Mo a heart cl^amber for plaeefhent of mUKiple elec* 
trodes against the heart chanrtief w^^ the vicinHty of a 2$ 
l^qel site, comprismg: 

ah electrode assembly indudlr»g a<^$tal e^^ 
piuraSfy «^ electrodes which naturally assume an 
eiitay whm said distal end is Uhoonstratne^ , said so 
electrodes being distrfba^ on said distai end is 
unconstrained, s^ electrodes b^ng di^buted dri 
said distal end so as to be able to Gdntad a limited 
porfton of the chamber wall surrounding the target 
site; characterized by 5S 
means for steering ^e distal end of the electrode 
asserrit}iy wpdh the heart Qtjmim to the target 
site:^: 

AcKimling to anc^^ thisfe <o 

is pro*i/ided an electrode airay 
a heart chamber for placement of muitipie electrodes 
against the heart chamber wall in the viciriity of a target 
ifite, cpftiprisir^: 

4S 

an electrode assembly Irwiluding : 
a distsilerKi having pluraiitydfre^^^^ higNyflexiT 
ble arrns, saM ^h:ts beirig r^ially «H<twafcllv curved 
arms when the distai erid ii^ unocme^ charac- 
terizedby so 
a piuraUty of electrodes distrbuied on said arn^ so 
that the eiectfOdes naturaUy assume a three-dimen- 
sional array when said distal end is unconstrained* 
said electrodes being disthfcHited to be able to con^ 
tact a Hmited portion of the ciiaiilber wall sun-pund- ss 
ihg^etsurgei$ite: 

Etec^bxsde ariay catheftera aooording to the^p^^ 



im/entlon are usrful for a variety of eieatrophysiplpgy 
procedures, including nriappmg, p^ aid abiati^ 
therapy The ealhetea^ inciudes afle^d^ deHvery sheath 
having an hoftow tnterior arid projamal and cSstal ends. 
The inventeon addresses and solves the problem of 
mapping a portion of the chamber wall of the heart in 
ihe^idriH^dfa^^^ 

Preferably, an ^ectrpd^ a$sernbly is siidably 
rrount^ wfthih th0 holl^ interior Of a delwery sheath 
for movement between retracted arjd deployed posi- 
tions. The electrode assen^ly tneludes a plurality off 
elecftrodes wi^ch naturally assume a two or a three 
dimensional array when th^y are at the deployed posi- 
tion. The ete^Srodes are di^ 
arid CHJrifbnti tothe^^ wa« at the 

target^e when in the deployed posltwri^ One or rnpre 
of tl^etectrode^, which rnay tncludea ceittfai eteotrode; 
are preferably higher power, ablation electr<Ktes. TH^ 
ablation electrodes may be physically larger than the 
ottier electrodes, typically electrode used for mapping 
or pacing, to accommodate higher energy flows. 

The electrode asserhbly assumes a coiled conical 
shape when in the deploi^ posi*on iri one preferred 
OTbodimenl. ©^ciiErbdas m prieferably ad spaced apart 
pqsifioiiia along the W shaped riectrode 
body to create a series of ^ectrode pairs, in another 
en^XJdiment the electrode assent^ly nf*ay indude a 
mrrber of axially eadtending. radially outwardly curved 
arms. The mapptng etectrodes are also preferably posi- 
tioned as elecircKie pairs along tie curved ar ms. 

The curved arrtis of the preferred elec^ode assem' 
Wy are preferably formed by a flat conductor cable hav- 
ing a piuialiiy of awaily eaflendihg electrode ^'SKses 
connecting pfoxinrtal terni^ elec^ 
trode padsv the electrode pads act as the mapping elec- 
todes The flat conductor cable is preferably slit axially 
along at least part ol its length and then formed intp a 
tojbe-iike rtteniber to cr^te the cun^ed arnis- 

The rn^splng electrodes are not typi<^1y suitable 
for ablation due to tie size limhatfons of the (^rK^juctor 
wires and the size of we electrodes, Hdwe^ the eu^ 
rent carr)^ capaciQ^ Of the ywires, ^gnal traces and 
electrode pads could be increased^ such as by incre^ 
ing th©r si^e/a change of rinaterlal, by cobli^^ vari- 
ous componaits, etc. Also, techraques may be 
dei^eloped vsrhich allow the delivery of energy sufficient 
fo ablate tissue afonp wtiat Is now considered low 
energy wires. tra<i«s and el^^Afbdte^ t>e present 
Invantipri, m^ori may be sticcessful with lower 
pdwerfemaller lesions since the etecftrPde airi^ jpan b^^ 
more accurately located neair t*ie t?^rget sHe; th<s accu^ 
racy of placement rra^ perrriit kxat "mapplng/iaacing* 
electrode pairs to be used for Bf energy deliy^w and 
ablafion. 

One of the advaffitages of the invention is that, by 
produang an array of electinodes designed to engage 
only a portion of the charnber wall of the heart a rela- 
tiydy lai^^ but nusch Ic^ than the ertire, surface area 
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of the heart can be mapped prepiseiy and ^s^^ relative 
short time span. Srnce t^^ physiei^n ^^^Hy knovvs 
the apprQ)dniate area where tha tars^ site is iooated on 
jOne chamber wall surlace, mappms of the aitire cham- 
bar wail is not geri^l^ a rmr& s 

iGcaliz^ cc^^^ b>$ itsad with 

the present inv^d^ usrould be typical a df^nv 
ber-fiiling device This helps the device made according 
to the present invention be siinplerto iise^ a^ 
ing Informatjon easier to prcrcess. Conventional cham- to 
ber-f{flin9 ma^ afso may not suitable 

ablation, only mapping. 

The pinpointing of a target site for ablation can be 
speeded up dramatically wltlmn the muttiple catheter 
placertiente neciessary with eorr^entional linear elec- ts 
trode^. The invemidn also permits ^e application of a 
greater number ol electrodes against the portion of the 
chamber welt being nivesigaied than is possible with 
GQi^entionaliijitl^ firvear electrode (:^etef $. 

Amiither adV^ qf ^e jnyentk^ over the pnPT ^ 
art is the ability of the electrodes to conform to the 
region of the chamber w^l being mapped. Electrodes, 
which preferal:^y are in dcsely spaced pairs, provide Uie 
user mth spedfic information regarding the electrical 
activity within the region regardless of tie surface con- 2S 
tour. 

Other features and ladyanfages the jnfyentipn will 
app^r from the descr^n, given by way d 

exaniple only, in which the preferred ambodimenl^^ h 
been set fPrth ni detail in conjunciipn with the accompa- 
nj^ng drawings. 

Fig, 1 is a simplified perspective view of an elec^ 
trode assembly of a first embodiment of the Inven- 
tion having a coiledv conical tp; 
Fig. 2 is an enlarged i»id view oi the c^led. conica] 
tippfFig: 1; 

Fig^. 2^^-20 iiusjlFate c^ec^ode assembly ti^ ha\^ 
ing an invertec} conicaf shape, a planar se<pentine 
sha^se and a planar ct3^ shape, respectively; ^ 
Rgs. 3A*3D are cross-sectional views of the elec- 
trode assembly taken along Ymes 3A-3A through 
3D-3D in Fig/1 respecStveSy ; 
Bg, 4 is ah enlarged Cras^^is^ectrcsi^ 
albf^ line 4-4 of Fig. 2; « 
Fig. 5 IS a simprilied side view of a steeridbfe deliv- 
ery catheter used with the electrode assen^y o( 
Fig 1 to CTeate a first ernbodiment of an electrode 
afray catheter made according to the invention; 
Figs 6 and 7 are crbss-^ectipnai views taken aiong so 
lines 6-6 and 7-7 of Fig. 5. respectively; 
Fig~ 8 is a sirnptified side view of an aitematiye 
embodiment of an electrode aitjfty cathriMer macle 
according to tfe invention;; 

Fig. 8A is an end view bf tie electrode anray of Fig. $s 
8: 

Fig. 9 ts an eniaii^ed i;n'Oss-sectk^ view of a ppr- 
ikm 04 the tip of the cat^^ 



Fig. 10 Is a cross^ecttpnaif view taken aJong line 
10-10 of Rg 9; 

RgS: 1 1 A arid 11 B are sin^Sied side views show- 
ing deployment of the electrode ^sembiy of Fig. 8 
shewn with etactrode arms eri^^ a ^ SMrfioll 
in pi^rttally and fbtfy engaged positions: 
Rg. 12 js a plan vieNv of a flat condudor cabte for 
use with the electrode assenibty of Fig. 9 with the 
^ojdmal terminats wstfi electrode fe'aces shown in 
dashed lines for one of the ^^ctrode arms; 
Figs 13A^130 are cross-sectional views taken 
along fines 13A^13A tfvough i3D^l3Dol Fig. 12: 
Fig; t3E is a otiss^sectibrial vje^ fm 
13E-l3EofBg 130; arid 

Fig. 14 iUystrates an alternative embodiment Off iHie 
structure shown ir^ Fig. 13C. 

The iriverttion is directed to an electrode array cath- 
eter sucti as m Figs. 1-7. An exemplary catheter 
constructed in accordarice with the principles of ^ t^^ 
present invenlion includes ah eledifbde ai^enibly 2 
which vvifl b© described v«th reference to Figs. 1-4 A 
steerabie delivery catheter 4 shown in Figs. B-7\ All 
dtmensions given for each embodiment are exemplary 
only, and it v^iilbe appreciated that specif ic dimensior^ 
may be varied eonsiderataly while rerilie^riing within t^^ 
scope the preseritirwention. 

Electrode assent>fy 2 indite® ah el^ode pathi^' 
ter body 6 extending fronn an electrical bonnecfpr a at a 
proximal end to a tip electrode 10 at a distal end. iBody 
6v as shown in Figs. 3A and 3B, indudes a 0.46 mm 
(,Q1 8 inch) diameter skinless steet support mandrel 1 2 
esdending from connecter 8 to a transition region 1 3 and 
a O 31 mm (.015 inch) core 14 ejctending from core tran^ 
shion region 13 to tip electrode 10. A D.71 mm ( 028 
inch) Opi^ mm { 020 irjch) ip stairiless steel hypich 
lube 16 i5ijrr<»ind$ $i43?»rt ita^^^^ 12 and an initial 
portkMi of core 14. See Figs. SA-^C HypotiiM IS 
extends ai relativejy short distaince pas^ core iranisitiiDrt 
region 13 ar^J is crimped, as^own in Figs. 38 and 3C, 
onto the abutting ends of support mandrei 12 and core 
14 at transition region 13. A number, sixteen in the pre- 
terred etnbodirfeertt of insulated conductor wires 18 are 
located al;;!pu| hypotUbe 16 wllhin an outer Pebax^ 
jpckei SQ fiamng a 1.12 mm (.044 inch) ID arKi a 1.32 
mm (.052 in6h) oa l=^a3<® idi the tradema^ a poly- 
ether block pplyanrwde cbpoiymer made by Elf Atpchem, 
Inc. of Philadetphia, PA Just past transition region 13, a 
waller Pebax® jacket 22 havirig a 0 79 mm (.031 inch) 
ID and a 0 94 mm {.037 inch) OD is used Core 14 is 
preferably made from a super elastic spring matenal. 
such as nickeF-trtanium alloys (NiTi), such frjat avail- 
able from Furuhawa Electric Company Ltd of Tokyo. 
Japan. Niti is preferred ibr core 14 becaiise it is very 
ri^Rent and fias a veii^ good spring me^ry far lls prior 
shape, even whm highly flexi^ Other highly {jefc^rn^ 
^e spring materials, such as spring steel or 
braidedfbcilad sprirtg mateii^ might ilso be us$d. 
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In the errtKidimant cjf Figs. frie lip 24 of the 
catheter is rnade $0 that tt assumes a coiled conical 
sh^e as stown m Rgs T and 2 Eiedrode assanbly 2. 
when inserted into defiverjif catheter 4^^^ have its tip 24 
in a str^gWefted orterrtatibn ance rt is, prior to deploy- s 
ment, Ji(»*5e¥l with! m delivery catheter 4. Only after tip 
24 moved to its d^loyed posWon txkmsA delivery 
catheter 4 wiil the tip assume ife coiled conical shape 
Tip 24 can a!so be made as an inverted coil tip 24a. a 
plan^ serpentine tip 2:4b or a flat coit t^ 24c as illus- w 
traled in Figs. 2A-2G Tp 24 includes fifteen eJeclrodes 
26 along Ite length. Fourteen of electsod^ 26 are . 
spaced apart fcjy |dx>ui 0.5-2.0 ftw^ typically ai>out 1 
mm. totbrm 7pairs of eteetfodes Dislal electrodes^ 
paired witii tip electrode 1 0. as shown in more detail m js 
Fig 4 for mapping, NiTi core 14 is se^ to tse sur- 
rounded by a polyin^de sleeve SB having a 0.45 mrn 
(.0179 inch) OD and a 0.40 mm (.0159 inct^ ID. Sleeve 
28 pron/ides eiectricarinsuiattoh between core 14 and 
the eiec^oides 2$fcc^ ta Conductor wires so 

18 are eiectri^lly connected to electrodes 26 and tip 
eleclrocb 10 in ^Hie mann^ in Fig, 4. Tip elec- 

trode 10 aind Ihe cdnduc*dr wr^ 
electrode are sufficiently heavy duty to perrnit electrode 
1 0 to be used as an afcdation electrode using RF eSectrt- 
cal energy. Tip electrode 10 can also be t^ed for 
png in cor^unc^o^ wHh electrode 27 positionsd 
adjacent the tif> electrode. 

It may be desired to electrodes c^her than tip 
elecljode 10 fbr ablatksrt. This may be accommoMed so 
by increasing the axial length of selected elecferodes 26 
from about 0 5 nrsn to 1,0 mm to about 1 1D 10 mm. lb 
maintain the desired flexibiRty of tip 24. the extended 
length ablation- capable electrodes 26 can be made, fe>r 
example, as a spiral coil about sleeve 2S instead of a 3s 
bapi a5t«ustraM in F?g^ 4. Also^ ^blation-oapai^ 
titxies 26 couki be macte of bfayed materiisLr.^ 

jSteerabie delivery cartheter < see Fips; 5^; is 
de^tgrred idr use wfth el^ode assembfy 2. Oatheiter 4 
has a hollow interior 3d extending along Its enlgre length ^ 
tiom Luer lod< titling 32 at its prcaimal end to a tip ring 
34 at Its distal end. Catheter 4 includes a catheter body 
36 having a Pebax® jacket 36 surrounding a braided 
layer 40. A TFE liner 42 is within braided layer 40 and 
provides a lijbricous surtee ft>r the passage of elec- 4s 
trpde assembly 2 within hoHow tntertor 30 formed witNn 
liner 42. Other lubnck>us materialSr Suc^ FEP, ETFE 
or P6, could be used instead of TFi W liner 42. 

Holiow interior 30 is formed eccentricaljy witfiin TFE 
liner 42 to provide room for en axial bor& 44 housir^g a s6 
TFE-coated manipulator wire 46. Manipulator wire 46 
has a ball 48 at i^ distal end v^ich % too large to fit 
through a bore 50 in tip ring 34. The proximal end, r>ot 
shown, manipulator wire Is connected tp a tip def lec- 
tion control 6S mounted to a handle $4. ss 

the distal encf Of calbefer body 06 indud^ a 
dffledirig sec^Qti 66 idistat of a jac#cet traansi^ 
Deheqi$n|^ section SNSisie^' stiff tlmnt^^ 



of catheter body to aBow daffeGlihg section 56to besuf- 
f iciernly fl^cible for the pr^^ 
providing appropriate structural integrity for t>e remain* 
der of catheter body 36- Tip deflection control 52 is pf ef- 
erabJy an axiatly movable type so that pulling on oontrot 
52 causes the distal end of catheier body 36 to deflect. 
Other tyt»is of controls could be used sfts w«iii Also, 
more ^an one manipulator wire 46 could be used. 

In use. electrode assemferfy 2. has its tip 24 pre- 
formed into the eoiied. conical sh^e of Fig. 1 Electrode 
tip 24 is then inserted through Luer lock fitting 32 and 
into hollow interior 30. Electrode assembly 2 is contin- 
ued to be directed through hpllow interior 30 until 
eiedtrode 10 is just proxirnaii to deiiediing section 56. 
Using appn^priate surgical technic|ues, the catheti^ i$ 
guided into «ie heart chancer under cpnsideratiors. 
Near the target sHe to be investigated or treated, elec- 
trode assembly 2 is pushed axiaily and distally until tip 
24 extends past tip ring 34 and assumes a coiled, coni- 
cal shape. Tip 24 can #iien be placed against me cham- 
ber weiait the ^get^s^^^ 

ip 24 may be n^sviHpulatod^ delect laterally and tovctue 
the longitwjinal ^ o« body 6 prior to being placed 

against the chamber waC The flexibirfty and fesitience 
of tip 24 is such that H will closely conform to t^^^ 
of the chamber wall at the target site, whether it be flat, 
convex concave, or a combination. This conformance 
ensures a maximum number of eiectirodes 26 will aotu^ 
ally Gontaa the charhber waif. 

A separate cprkjuctcir oc^ be used on steeratite 
delrmy (pfli^e^^ to driver BF eneigy for ablation to 
an eledtrode mounted as the tip ring 34. It may be pos^ 
sibleto do this through the use of manipulator wire 46 
as both the manipulator wire and as an electricat con^ 
duGtor 

Figs 8*10 illustrate a second embodiment of the 
invention. Eledrode array catheter 60 includes a steer- 
able etedv^ocie catheter 62 and a tutxtlar delivery sheath 
64. Caiheter (52 passes throii§h and is Sldab^ mtountfiMG^ 
within tubular delivery sheath 64, Catheter 62 includes a 
handle 68 having an eiectncal connector 70 at a proxF 
mal end, a twtet-t^^e, lateral deflecSion knob 72 and an 
axially moveable tjp deflection control 74. Tip deflection 
control 74 is connected to a manipulator wire 76 of elec- 
trode catheter 62; see Figs, 9 and 10 Uteral deflection 
Nnob 72 is connected to and is used to fotat 
70 of catheter 62 . HaheBe ^Et dan be Of A cpnveit^nal 
deisign; 

Denary sheam 64 is preferably a three layer 
sheati having an Outer F^ik® laye^^ *te*l 
braided layer and a TFE liner. Delivery sheath 64 
changes its flexibility over its length and includes a prbx- 
imal. stiffer portion 61 and distal, softer and more llesti- 
ble portibn 82 The outer sujiace of proximar portion 61 
pFeferat)ly has a Durometer readirig of about 5^ 
and iWfe pir^terably about 70 Ai^ile the distal portion 82 
IM^ef^^ has a btrometer reading of abbut 30 td 50. 
and nrK)re preiierably about M 
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Eiedrode catietar 62 Includes ah insulator body 
S4. preferably made of P6EK (poly-ether-ethe^ketone). 
housed wimirt the cfislar end 86 Of Pebax® |a<^ 80. 
insulator body 84 has a threaded lip 88 to which a n^l 
tip el^iode 90 i& fitted; pthr rnou^ic^^^l^^ 
SEUCfii a$ a mapm fpiig^ cputd be iised instead b( 
iticeads. Body 64 abo jnckjdes a centraf bora 92 
through which core wire 78 passes. Threaded tip S8 oi 
body S4 has a shallow recess 94 within wf^ch m^ 
erKi 96 dl core76 is hoiked. Gcsfe wire 78 is secured to 
insulatcsr body 84, typically usir>g an adhesive This pro- 
vides axial ihlegr^ b^weert the e^s Of catheter 
assehibly $0> Rotatihg core mre 78 <^&es trar^ 
sign of torque to, and causes the rotatbn of, el^ 
oatiieter 62 

Body 84 has an additional, radially offset bore 98 
through which marsipulator wire 76 passes. Manipulator 
wire 7& has an enlarged tip 100 w^ch prevents^^n^ 
ulatpr wire 70 from being pulled badk through offset 
bore 98. T)iis permHs the user to deflect the tip ^ defiv- 
ery «;heath 64 when 9w(£n9 iritb pps^oii 

Elecirdde catheter 82 vndudes a set of mflyppfhig 
electrode wires 102, & power electrode wnre 104 and a 
pair of thermocouple wires 106 Power electrode wire 
104 and thermocouple wires 1 06 pass through t^ores, 
rtot^Own;3n ins^ator body M ard a^ 
electrode 90* Power ejecfrode wire 104 is suffioiently 
heavy duly b peridt lip electrode 90 to b« tmd for both 
ablation using RF eiec^nccd eniergy and for rt^p^^ 

The disial ends of wires 102 are soWered (or other- 
wise secured to provide electrical corductFvity) to proxi- 
iT^ termiiiMs 108 formed ort a flat fte»ble circuit 110 
Flat flexible circuit 110 ts shown Fig. 12 in its flat con- 
figuration prior to being formed into the flared tubular 
Shape of F^igs 8 and 9. Witii reference to F(gs/l2-i3E, 
fiat flactbie t^rcuit tt fS 5^K3wr>to incl^^^^ of 
electrical trapes ti 2 connef^ng ex^ ter^ 
irwistfs td8to ejqfmed cAedrode p^^ 
cuft ito hasflv^ t^lts 116 

the entire length of the circuit so to create six electrode 
elements 118 Electrode elements 116 form a number 
of axially extending, radially outwardly curved arms hav- 
ing el^ode pads 114 disposed dh their inner isurfaces 
so to contact a chamber wail during use The electrode 
arms are preferably 1 mm wide, but cpuid be from 0,1 
nrtri 10 2 nirh wide, depending on the number ii>f elec- 
trodes lur^d traces, the electrode elemer^^ coufd 
be made as individual f lex circuits ta^ than a slitted, 
single drcuit. Electrode arms l id ^n^th etectrode pads 
114 artd electrode 90 form a petaMike array 119 at the 
distal end of electrode catheter 62 Array 119 has a 
deployed <pmeterdf abogi 25 rnm; the de^ diam- 
etM- prSfterabiy ranges frorn abbU 10 mm 16 about ibo 
mm. 

Fig. T3iA illustmtes the (^Kppsijre of prc^jRnrtfiy ter^ 
nais ioe through U^e^ 

f lerable dreuil lid. Al Fig, ii^B; f tat fl^e drcuit 1 id is 
seerilo Irictude^ia first pbiylniide^l^ 120, ai p«ilyiftBd]e 



adhesive layer 122 partially surrounding traces 112 and 
asecondpolyimide layer 124. Fig. 13C-1 BE are various 
aoss-sectionai views tai<^ a* eteclrode pads 1 14. The 
distal ends 126 of electrical fraces 112 are enlarged and 

5 are eieclrically coupled to electrode pacts 1 14 by 
%irougfv^hole plating " a teehnique where a conducive 
d^3p€^ iayw 127 viRaite tsi a hole 1^ ioroed 

in first pdlyimide iayer i2o: /i tWrifiriat plating of gi^ on 
electrode pads 1 14 enharide^ bkxK»T^tit»fity, 

to Fig 14 illustrate an alternative embodiment of the 
slruGfure shown in Fig 130 A polyimlde sheet layer 
^ 12G^ has single^iayer copper electrical iraces i12a 
apF^ied to one Surface Trace 112a is fien covered 
pdyimide adhesive layer 122a. iiayer igSia behig cow- 

is ered by a second polyimide sheet layer 1 24a. Openings 
in the cover layer of polyimide sheet 1 24a and adhesive 
layer 1 22a e)qx>5e the enlarged end portions of traces 
112a which are selectively plated with copper and then 
a thin layer of gold to form electrode pads 114a, Pi^te 

S0 114a e>(tend abovfe layer 1 34a and serve 

as the el<K^e& tMhi»r ^qaiion techniques are 
available to those e^^ in the art of Headble c'rrcuit tt^ 

Figs. 11 A and 11B illustrate array 1 19 of electrode 

25 catheter 62 in simplrfiad form with arms 118 pressed 
against a simulated heart chamber wall 130. While wall 
130 is shown as ftet. it oc.^ld be, and typi^^ 
in a variety <rf ways. Arrns 1 18 are shown in Fig, 1 1 A as 
onjy sligfitly f lexisd fromth normal, depl^ed Shape of 

30 Fig, 8. The oulerntost and intermedBate elec^ peisk 
132, 134 are. in tie prefen^ed eiribodiment. spaced 
apartt>y atx»ut 2 5 mm tliis spacing could^ be changed, 
such as by being reduced to about 5 mm or enlarged to 
fi^ut 10 mm. In Rg- 1 l A pads 132, 134 engage Cham- 

35 ber wall 130. Further force on electrode catheter 62, 
typic^Hy thrOMdb c^ wire 78, causes arms 11 8 to fur- 
ther deflect sofhalinnemiost pads 136 also 
oohtad surl^ 130 in Fig. 116. jiii addition, tip eleclrpdie 
90 is also in don&ctwfth Oharnbe^ in Fig i ii. 

m Electrode pads 132, 134 are typjcally paired 
together while innenmost elecfe-ode pads 1 36 are each 
paired with tip eteclrode 90 for mapping purposes Tip 
electrode 90 can also be used for ablation when elec- 
trode catheter 62 is confirmed to be property posftioned 

#5 at the target site. Much dl this pre^imihary inforn^tton 
to the proper ppsitipn o* e*ecti^ode cathM©' 62 can be 
otaiained while the electrode catheter is in the parttaJly 
engaged posttioh of Fig. 11 A^ in some situations the 
necessary information *or mapping and determining 

so ^at electrode catheter 62 is properly posi^oned at the 
target site may require the electrode catheter to be fully 
engaged vwth chamber wail 30 as its shown In Fig, 1 1B: 
In either case suffiaent Jntorrr^Hon is quickiy obtairied 
to fiermt ele<*ode calhsiar 62 to be rnowedv neces- 

$s sary. to<^ficid#wi^^^ 

In use, elecirode <»theler fi^ 
ery sheafh 66 w^i oulisrrrn^ piads 132 acfa^ 

oent the distal and Of sheath 66. Using later# dillectidn 
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knob 72 and tip cififieclion^^c^ tfis distal end d 
etectrdde array catheter 60 fe posrt wed within the heart 
chamber afri near the toget site Efectrode catheter 62 
is then movecf axiaUy wHhin deii^ry sJieath 66 to the 
deplps^ position of Fm S and 9 iWs imy^ o^ by 
shieiaft 66 bartg retracted back over catfieter 62 or by 
eie<^ode catheter Itseing jpushcd^^o^ fhrough sheath 
m. Array 119 can be defleded laterally usin^ rrwfriqJMla* 
tor wire 7B or torqueci {rotated) using core wire 78; Arms 
1 18 of array l i 9 are then directed agaln^ c^mb^ wall 
130 at what »s hoped to be the target site so that map- 
ping can occur. Once it has been deterrruned that 
electrode 90 Js properly over the target site t© be 
abieted, eiectrode cmheler 6^ can iDe forced agaiM 
chamber vrall I SO such as shown in Rg. i lB and tie 
target site^ated by supplying, typically, RF electrical 
ener9y to tip electrode 90 through power wire 104. In an 
atiernative embodimerrt, the distal end of electrode 
array catheter 60 can be deflected laterally or torqued 
(rotted) by Steering the tip ot the delivery st^eath. which 
Wauld incorporate msnipUator wire 76 and core wire 74 
and a handlie wil^ #prb)wi^ie ooMolS. 

Modlf ioation and variaiion can be made ip ihe iiis- 
dosed embodiments without departing from^ 
of thelnverrtion as defined in the lollowing datms, Por 
example, referertce has been made to paijs of elec- 
trodes tof mapping purposes. Electrodes could, off 
QQurs^. tie piLKrekl Ih iortihar rmrihers to provide different 
informafiorv^ wmrfd, irtet«J of pairing innermost 
electrode pad 136; wifii tip electrode 9Q. the innermost 
electrode pad 13$ on ode arm 1 iS cbUld be paired with 
the corresponding irwiermost electrode pad on an adja^ 
cent arm. Electrode assembly 2 could indiide a large 
electrode at the center of tip 24 aligned wth body 6 to 
permit greater force to t)e exerted against such 
enlarged etedrode wHer^ used lor ablation. Flexible ctr- 
ciift 110 could be made by other techilk:iues, such as 
imihatiori prpces^ ctf electrode bands 

attached to radiaiiy dspps^ am^. Eac^ arm l ia ooijM 
be rnade as a separate flexible circuit instead dhmg 
formed by slitting a comrr^ 12^ 
The nurriaer of electrodes tor use with the electrode 
assemblies c^uid vary greatly, from only 4 to 1,000. 
Oeclrodes 26 could be paired differentiy from the 
ciDseiy-spaced bipoles iltustrated. such as radially ori- 
ented bipoles. Electrode arms 1 18 could varyin riuo^er 
from 3 to at least 8, In both embddimentB a dertyery 
sheath te used to oonstraih the array of electitodes c* tN 
tip pripr to deployment at the target site; rf the tip can be 
kepft constrained without the need for a delivery Sheietti. 
such sheath can be eliminated. Instead ot sup^'-elastic 
NiTi^ core 14 could be n^ade of f^at-shape memory 
NiTi. This alloy, also available from Furukawa Bectric 
Co. Ud, .can be used for core 14 so that %p 24 Is flexible 
but straight below a transition temperature and is flexk 
bie arid Gurved. such as ilM^^ 1 ar»d 2^-20, 
^bpiiffii the trarts^iph iten!ip^tur«i. Tt^ trafi$jtion temper^ 
ature WDuid be cfiosen so that affier inp 124 is at or near 



the target site, core 14 coiiid be heated (such as eie<*i? 
caHy or with a warm saline solutton) so tip 24 assumes 
lis predetermined curved shape Similar heat-shape 
memory material could be used for electrode ele- 
5 merits»/^rms 1 1 8 as well- 

The present invention is diwlded liom EP-A- 
0728Q29. 
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Claims 

1 . A steerabie electrode array catheter, ^r insertion 
irttd a heart chaniber lor i:^cement of multipl e elec- 
ftodes against tr« heart c^ 
di n target siife^ oomprtsmg : 

an electrode assenr43ly (2> including a cSsiaj 
end hairing pturalily of electrodes (24) which 
natural iy assume an array when $aid distal end 
is unconstrained, said electrodes being distrib- 
uted on said cSstal end is unconstiained. said 
electnsdes being distributed on said distal end 
sp oj tdbe ^ portion of 

tfte i^arrt>Br waM surrounding Itia target ^ite; 
diaracterized by 

means for steering the ^$^J end[ oj the ^ec- 
trode assembly (2) wltiiin the heail dhanr^ 
the target site. 



2* The catheter of clalrn 1 whereiri said $rray ts a 

3. The carthetef b« arra^ is a two- 

dime«i6^ 

35 4, The catheter of any of ciiims I t^ 

steerihg ineans includes means for dire<^y dsfflect- 
irig ti^ dis^ end of tte eii^^tole ^erhbly 

5* The cjErtlT«*&r of any df dlums 1 to 4 wherein the 
40 i^rode assail^ indices a resOiertt eiactrode 
body wWch naturafty assunie^ a cqljod. cora<;at 
shape wheii In tie d^byed pdsitlon. 

6. The catheter of any of claims 1 to 5 wherein the 
45 ^ectrode asserr^rfy ir^cludes a plur^ity of resHient 

arrn§, said arms being axialiy ejrtending, radially 
outwardly curved arn« when the distal end is 
uricorislirained. <^id kms cwyihg ^rfeotrodea, 
sa«ll arms having free outer ends. 
so . 

7. An electrode array catheter, for insertiOrt 1^ 
heart chamber lor placement of mulb'pie electrodes 
against the heart chamber waif in the vicinity pi a 
target stte. ODriprJsing; 

an electrode assembly (2) induding: 

a distal arid ti^^ pitiralrty of nssilient, highly 

tfewble arms (118)> said arms being radiaDy 
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otitwardiy curved arms when the distal end W 
unconstrained; char act^ized 
ft pIgralHy of electrode® (132,1 
uted on said arms (1 tS) so that dectrpd^s 
naturaHy assiime a thriis^dimensksna^ mm ^ 
when ^aid distal end is unconslrained, said 
electrcdes (t 32.1 34,1 36) being distributed to 
be able to contact a limited porbon of the Ghdrn- 
ber waU surrounding fte target site 

10 

8. ThiB catfieler of claim 7 wherein said arms havi& 
oul^ ends un^Gured 16 oii«^ 

9. The catheter of claim 7 or S wherein ihe electrode 
assembly irictudes a ceniral etec^ . 

10. The oatheler of dairn 9 whereiri the centpl elec^ 
Irqde 1$ 9n ablation electrode. 

ilV The catheter of ^ny of 4^ to 10 lurther o so 
prising a flmljie delrvery sheath haMng a holbw 

interior, a proKimalend and a distal end, the elec- 
trode assembly slidablyrrwunted within the hoUCHw 
interior of the delivery sheafth for movemenrt 
between a retracted jposition, at least substantially z& 
housed within the hdlow interior, and a deployed 
poeitipn. extendino^ln the d^^ end of ^ha dally- 
ery sh^^. 

12. The catheter of any of claime l lo 11 wherein the ^ 
electrade an abtatiori tiddctrode^ 

13. The catheter of daim 12 wherein the ablation eled* 
trode Includes a t^mperaftu rneans. 

35 

i 4. The catheter of ai^ of daims 11 to 13 further com^ 
prising niedfis ibr staanri^ the diistaf and of eiec- 
frodfassernbly^^^^ 

IS. The catheter of daim 14 wherein the steering 
means indudes means tor defiecting th# {Jistal end 
Of the deBvery sheMh. 

16^ IhiSt eathetier of da^m 14 wherefn ih^ ste€»:ino 
means indud^s means fpr rotating at Jeauat the dls" 45 
tai end of ^ electrode asserhbly wItN n the deih^ry 
sNeatib: 
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FIG. l3fE 
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(54) ELECTROPE ARRAY CATHETER 

(57) An dectrode arr^ catliaten typically used for 
mapping, pacihcj ancf sabliifion. indiides an iMecltote 
assemt^y 2, 62 w*iich may be slidabJif n^ounteci witiin a 
deHvery sheath for movement between r^racled and 
deployed postfions. The electrode assembly tndudes an 
ablatton electrode 10. 90 and a plurality of mapping 
electrodes S6p 114 v^sch af e gr^jped in pairs and nat- 
um^y aesume a three^imensjpnar array when 
depbyed, electrddes aire d^tributed to (x^ 
portibn of the ic^aijhb^r w^l iBO 6uitt9undir^ th« tai^ 



aite. The electrode assenrtily tip has a opiiecl conical 
j^^e 24 In one mbodiment and haa a rujmber of axf'* 
diy extendlnQ. radially dutw^dly ipuii^ 118 in 
anc^her eifft>odimerit, A f lat Itexbl^ oifcur^^ havrng 
axiafiy extending eiectrode traces 112 connecting prbx- 
irrml terminals 108 to distal electrode pad&114, is slit 
n$ axiaily and j$ piedtorined ^aii^^Wcur^ 
arms. 
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